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According to Richard Hertwig, who has been the foremost advocate of the nucleo-cytoplasmic-relation theory, a balance between nuclear and cytoplasmic masses exists in the normal cell, this balance being due to the interchange of materials between nucleus and cytoplasm. This state of equilibrium may be disturbed by such factors as changes in temperature, over-feeding or starvation. The result of these disturbing agents is an excess of nuclear over cytoplasmic materials. This excess of nuclear material leads to the depression of the cell, which finally ends in death unless normal mass relations are re-established in some way. The restoration of the normal equilibrium may be attained by the giving up of nuclear material to the cytoplasm, by ordinary cell division, or by the addition of a foreign element through conjugation. Hertwig and others have attempted to account for many of the complicated stages in the life cycles of Protozoa with this theory, but while this hypothesis is apparently applicable to many phenomena it will not bear close analysis, and a review of the extensive literature on this subject reveals a fatal lack of data on which to base the theory.
The material that I have used in my investigations consisted of several species of shelled fresh-water Protozoa of the genus Arcella. Arcella dentata has a shell with tooth-like projections extending out from the periphery. This shell averages about 130 microns in diameter and 50 microns in thickness.
There is a circular mouth opening in the ventral wall of the shell, through which protoplasmic extensions are pushed out that serve as locomotor organs and for capturing food. The cytoplasmic body within the shell contains two nuclei situated on opposite sides of the mouth opening. These After a number of generations that differed in different cases, all of the uninucleate specimens produced empty shells and became binucleate again. Apparently during this process the single nucleus divided into two, as in ordinary diyision, but the new shell that was formed, was cast off empty, and all of the cytoplasm and both nuclei were retained in the parent shell. The binucleate specimens thus formed, gave rise at once to binucleate offspring. These offspring were larger than the parent; and their offspring were still larger. In this way a gradual increase in diameter and in spine number took place generation after generation, until at the end of the third or fourth generation, an equilibrium was established and a mean diameter and spine number were regained characteristic of the line before the experiments were begun. Thus in line 150, the size of the organisms and the characteristics of the shell depend upon the number of nuclei, and each nucleus is accompanied by a rather definite quantity of cytoplasm.
Other lines of Arcella dentata were subjected to this and other kinds of operations and the data obtained fully confirm the conclusion just stated.
Arcella polypora differs from Arcella dentata in the absence of spines and in the greater number of nuclei. In this species the nuclei are distributed at approximately equal distances from one another. It was found that within a line derived by fission from a single specimen, the number of nuclei varied. In line 5 they varied from 3 to 7. When the diameters of these specimens were compared with the number of nuclei they contained, a remarkably high correlation was revealed. Measurements were first obtained of specimens of Arcella dentata. It soon became evident that in this species, the larger the specimen the greater the amount of chromatin within the nuclei. A chromatin-cytoplasmic mass relation was thus established. Measurements were then made of the chromatin masses in specimens from lines 5 and 34 of Arcella polypora. From these measurements, the volumes of the chromatin masses were computed, and they were found to be greater in line 5 than in line 34. For example, the total volume of the 6 chromatin masses in an average specimen of line 5 proved to be approximately equal to the total volume of the 10 chromatin masses of an average specimen of the same size in line 34. Similar conditions were found to exist when the total volume of chromatin within other specimens of line 5 was compared with the total volume of chromatin within specimens of the same size in line 34. These data prove that the quantity of chromatin contained in specimens of the same size within the two lines, 5 and 34, was very nearly the same, regardless of the variations in the number of nuclei. Thus, in Arcella polypora, as in Arcella dentata, thereis a certain amount of chromatin associated with a certain amount of cytoplasm, and a definite chromatincytoplasmic-mass-relation is shown to exist.
The data presented above not only show a mass relation between chromatin and cytoplasm,but also a relation between chromatin mass and external measurable characters. For example, in Arcella dentata, both the diameter of the shell and the number of spines are correlated with the chromatin mass; and in Arcella polypora, the diameter of the shell also depends upon the total volume of chromatin. 
